Designing Earth-Abundant Nanostructured Electrocatalysts for Efficient and Selective Conversion of Energy and Chemicals
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Due to the intermittent nature of most renewable energy sources (such as solar and wind), practical large scale renewable energy utilization demands both efficient energy conversion and large scale energy storage or alternative usage. Earth-abundant but highly active and selective electrocatalysts are needed to enable efficient and sustainable production of energy using electrocatalytic and photoelectrochemical (PEC) energy conversion. We developed earth-abundant nanoscale electrocatalysts, such as exfoliated nanosheets of MoS2 and ternary pyrite-type cobalt phosphosulfide (CoPS), for enhancing hydrogen evolution reaction (HER). The increasingly affordable renewable electricity can also drive electrocatalytic reactions to produce value-added chemicals. For example, biomass-derived molecules, such as HMF and glycerol, can be upgraded to value-added chemicals using metal oxide/hydroxide electrocatalysts. We will highlight our recent work on combining computations and experiments to demonstrate cobalt pyrite (CoS2) is both active and selective towards two-electron oxygen reduction reaction (2e- ORR) to make H2O2 in both acidic and neutral solutions. Direct electrochemical synthesis of H2O2 with high performance and selectivity in acidic solution was demonstrated to enable decentralized on-site electrochemical production of H2O2 for industrial and environmental applications, such as waste water treatment. This work reveals general mechanistic insights about selective ORR and opens up a new direction in searching for more active and selective earth-abundant 2e- ORR electrocatalysts among metal compound catalysts for efficient decentralized H2O2 production.
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